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ABSTRACT
The merger of binary neutron stars (NS-NS) as the progenitor of short Gamma-ray bursts (GRBs) has been
confirmed by the discovery of the association of the gravitational wave (GW) event GW170817 with GRB
170817A. However, the merger product of binary NS remains an open question. An X-ray plateau followed by
a steep decay (“internal plateau”) has been found in some short GRBs, implying that a supra-massive magnetar
operates as the merger remnant and then collapses into a newborn black hole (BH) at the end of the plateau.
X-ray bump or second-plateau following the “internal plateau” is considered as the expected signature from
the fallback accretion onto this newborn BH through Blandford-Znajek mechanism (BZ) mechanism. At the
same time, a nearly isotropic wind energy driven by Blandford-Paynemechanism (BP) from the newborn BH’s
disk can produce a bright kilonova. Therefore, the bright kilonova observation for a short GRB with “internal
plateau” (and followed by X-ray bump or second-plateau) provides further evidence for this scenario. In this
paper, we find that GRB 160821B is a candidate of such a case, and the kilonova emission of GRB 160821B is
possibly powered by the BP wind form a newborn BH. Future GW detection of GRB 160821B-like events may
provide further support to this scenario, enable us to investigate the properties of the magnetar and the newborn
BH, and constrain the equation of state of neutron stars.
Keywords: accretion, accretion disks - black hole physics - gamma-ray burst: individual (GRB 160821B)
1. INTRODUCTION
Gravitational wave (GWs) event GW170817, detected by
the LIGO-Virgo collaboration on 17 August 2017, is gen-
erally believed from the merger of binary neutron stars
(NSs)(Abbott et al. 2017a). The expected electromagnetic
(EM) counterparts of this GW event were well confirmed
by the performance of many follow-up observations in vari-
ous wavelengths (Abbott et al. 2017b). A faint short gamma-
ray burst (sGRB) 170817A (Zhang et al. 2018), observed
by the Fermi and INTEGRAL satellites just 1.7s after the
GW detection, revealed that at least some short GRBs might
be originated from NS-NS merger (Goldstein et al. 2017;
Savchenko et al. 2017). After ∼ 11 hr of the merger, an
ultraviolet-optical-infrared (UVOIR) transient was first found
by the Swope Supernovae Survey (or 2017gfo) (Arcavi et al.
2017; Coulter et al. 2017; Drout et al. 2017; Kasen et al.
2017; Pian et al. 2017; Smartt et al. 2017; Soares-Santos et al.
2017; Valenti et al. 2017). In X-ray and radio bands, the EM
counterparts were subsequently detected. This GW event as-
sociated with EM counterparts marked the beginning of the
era for multi-messenger astronomy.
There are several evolutionary path of the post-merger of
GW170817-like events (Rosswog et al. 2000; Lasky et al.
2014; Gao et al.2016): (1) collapse into a black hole (BH)
immediately; (2) a short-lived hyper-massive NS supported
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by differential rotation, which collapses into a BH within
a timescale of seconds due to the combination of magnetic
breaking and viscosity; (3) a temporal supra-massivemillisec-
ond magnetar supported by rigid rotation, which collapses to
a BH at a later time after spinning down; and (4) a stable
NS. However, limited to the sensitivity of gravitational wave
detectors, the product (a NS or a black hole) of the NS-NS
merger is poorly constrained.
From the observational point of view, the afterglows of
short GRBs may leave some clues for the merger prod-
uct. The X-ray “internal plateaus”, i.e., an X-ray plateaus
followed by a sharp decay, are likely powered by a
magnetar(Rowlinson et al. 2013; Lü et al. 2015). The sharp
decay at the end of the plateau, marking the abrupt cessa-
tion of the magnetar’s central engine, has been naturally in-
terpreted as the collapse of a supra-massive magnetar into a
black hole (BH) (Rowlinson et al. 2013; Lü et al. 2015). If
this “internal plateau” is indeed evidence of a magnetar as the
remnant of NS-NS merger, the signatures from the new-born
BH would at least be expected to leave in some short GRBs.
A number of short GRBs with “internal plateau” are followed
by a small X-ray bump or a second X-ray plateau, which can
be well explained with fall-back accretion onto the newborn
BH (Chen et al. 2017; Zhang et al. 2018; Zhao et al. 2020).
These X-ray bumps or second X-ray plateaus are considered
as a possible signature of the newborn BH.
On the other hand, an optical/infrared transient gener-
ated from the ejected materials for NS-NS merger, is the
so-called“kilonova” powered by radioactive decay of the r-
process (Li & Paczyn´ski 1998; Metzger et al. 2010), which
has been broadly adopted to interpret AT 2017agfo, the op-
tical counterpart of GW170817 (e.g., (Kasen et al. 2017)). If
the supra-massive NS (as the product of NS-NS merger) fi-
nally collapses into a newborn BH, the magnetic wind driven
by Blandford-Payne process (BP) from the BH accretion disk
would heat up the neutron-rich merger ejecta and produce a
more bright kilonova. Therefore, besides the X-ray bump or
2second X-ray plateau, a bright kilonova powered by BP driven
wind is also expected in this scenario, and thus provide a new
signature of the new-born BH.
In this paper, we find that a nearby (z =0.16) short GRB
160821B is a possible candidate showing these two kinds of
features. The “internal plateau” found in X-ray afterglow im-
plies a supra-massive magnetar operating after the merger of
double NSs (Lü et al. 2017; Kisaka et al. 2017). The sec-
ond X-ray plateau following the “internal plateau” in GRB
160821B can be well interpreted with a fallback BH, indi-
cating that a newborn BH is likely active (Kisaka et al. 2017;
Zhang et al. 2018). The optical/nIR observations show a clear
evolution toward red colors, which has been considered as a
well-sampled kilonova (Troja et al. 2019; Lamb et al. 2019).
We find that the kilonova in GRB 160821B is too bright to
be powered by r-process alone, but is more consistent with a
kilonova powered by magnetic wind from the newborn BH.
These results suggest that a newborn BH from the collapse of
a supra-massive magnetar may indeed come into play, leading
to a candidate kilonova powered by the magnetic wind from
this newborn BH. Therefore, the observations of GRB after-
glow as well as the kilonova may contain clues of the merger
product of NS-NS binaries.
The paper is organized as follows: In Section 2, we describe
the spin-down of a supra-massive magnetar and the fallback
accretion of BH central engine. We also study the effects of
energy injection from BH on GRB afterglow and kilonova,
respectively. In Section 3, we apply our model to explain the
multi-band afterglow of GRB 160821B and its accompanied
kilonova. Finally, we briefly summarize our results and dis-
cuss the implications in Section 4.
2. THE MODEL
The associations of GW170817 with GRB 170817A in-
dicates that a fraction of short GRBs might have a NS-NS
merger origin. If the merger product of NS-NS binaries is
a supra-massive magnetar supported by centrifugal force, it
may collapse to a newborn BH when it spins down. The “in-
ternal plateau” observed in some short GRBs are believed to
be powered by a magnetar central engine. The sharp decay
followed the “internal plateau” marks the birth a BH from the
collapse of magnetar.
The fallback accretion onto the newborn BH would leave
some imprints on GRB afterglow and kilonova. The jet power
produced by Blandford-Znajek mechanism (BZ) will be con-
tinuously injected to the external shock during the fallback
accretion stage, resulting in flattering in the lightcure of after-
glow. As discussed in Ma et al. (2018), a near-isotropic wind
driven by the BP mechanism can heat up and push the merger
ejecta, leading to a more bright kilonova. The sketch of BZ
powered jet and BP driven kilonova are illustrated in Figure
1.
2.1. Spin down of a supra-massive magnetar
The supra-massive millisecond magnetar, as the product of
NS-NS merger, would spin down due to its rotation energy
loss through both magnetic dipole radiation and gravitational
wave (GW) radiation (Zhang & Mészáros 2001). The spin-
down rate can be expressed as
E˙ = IΩΩ˙ = −
B2pR
6
Ω
4
6c3
−
32GI2ǫ2Ω6
5c5
, (1)
where I is the moment of inertia, Ω = 2π/P is the angular fre-
quency and Ω˙ is the time derivative,Bp is the surface magnetic
Figure 1. Illustration of the BZ and BP mechanisms. The energy extraction
from the BH via BZ mechanism can affect GRB afterglow. Simultaneously,
a magnetic wind is driven from the fallback accretion disk by the BP mecha-
nism. A fraction of the BP energy is dissipated into the merger ejecta, which
would produce a bright kilonova around days. The coexistence of a BZ jet
and a BP wind may develop a structured jet, which may give rise to a struc-
tured jet as expected in GRB 170817A.
field strength at the poles, R is the radius of the magnetar and
ǫ is the ellipticity of the magnetar.
Considering that the spin-down of magnetars through mag-
netic dipole radiation and GW radiation, by using Eq.(1) one
can define two characteristic spin-down time scales
tmd =
3c3I
B2pR
6Ω20
≃ 2.0× 103 s (I45B−2p,15P20,−3R−66 ), (2)
tGW =
5c5
128GIǫ2Ω40
≃ 9.1× 103 s (I−145P40,−3ǫ−2−3), (3)
where Ω0 and P0 are the initial angular velocity and period of
the magnetar, respectively. The overall spin-down time scale
of the magnetar can be defined as
tsd = min(tmd, tGW), (4)
Since the ellipticity of magnetar is unknown, we consider
only the energy loss due to dipole radiation in this work. As
a result, the supra-massive magnetar can produce an “inter-
nal plateau” in the X-ray afterglow of GRB. The character-
istic spin-down luminosity due to dipole radiation is Lmd =
1.0× 1049 erg s−1(B2p,15P−40,−3R66). The isotropically equivalent
luminosity of the “internal plateau” (LX) is interpreted with
the spin-down luminosity Lmd as
LX ≃ Lmd. (5)
The evolution of magnetar spin period due to dipole radia-
tion is given by
P(t) = P0
(
1+
t
tmd
)1/2
. (6)
The supra-massive magnetar collapses to a BH when its
spin period P becomes large enough that Mmax(P) = Mp, re-
sulting a sharp drop at the end of “internal plateau”. Mp is
the mass of the protomagnetar. The maximum gravitational
3mass (Mmax) of a supra-massive magnetar can be writen as a
function of the spin period (Lasky et al. 2014),
Mmax = MTOV
(
1+ αˆPβˆ
)
, (7)
where MTOV is the maximum mass for a non-rotating NS, αˆ
and βˆ depend on the EOS. Recent studies with short GRB
data favor the EoS GM1 (MTOV = 2.37 M⊙, R = 12.05 km,
I = 3.33× 1045 g cm−2, αˆ = 1.58× 10−10s−βˆ and βˆ = −2.84)
(Lü et al. 2015; Lü et al. 2017). In this paper, we adopt the
EOS GM1.
As discuss in Lü et al. (2015), for the “internal plateau”
with post-break decay slope α ≥ 3, the collapse time tcol of a
supra-massive magnetar is just defined by the observed break
time tb as
tcol = tb/(1+ z)≤ tmd (8)
In such case, we can derive the upper limit for P0 and Bp by
combing the equations (5) and (8).
Assuming that the newborn BH inherits the mass and an-
gular momentum from the supra-massive magnetar, one can
estimate the initial BH mass as M• = Mp (the mass of the pro-
tomagnetarMp equals the critical mass Mmax at tcol) and initial
angular moment as J• = 2πI/P0.
2.2. Fallback accretion onto the newborn BH
As the collapse of magnetar, some of the surrounding
matter initially blocked by the magnetic barrier would be-
gin to fallback and be accreted by the newborn BH. A rel-
ativistic jet can be then launched via the BZ mechanism
(Blandford & Znajek 1977), in which the spin energy of the
newborn BH is extracted through the open field lines pene-
trating the event horizon. For a BH with mass M• and spin a•
(≡ J•c/(GM2•) ), the BZ power can be estimated as (Lei et al.
2013, 2017; Liu et al. 2017),
LBZ = 1.7× 1050a2•m2•B2•,15F(a•) erg s−1, (9)
where m• = M•/M⊙, F(a•) = [(1+ q2)/q2][(q +1/q)arctanq −
1], and q = a•/(1+
√
1− a2•). B•,15 = B•/10
15G, and B• is the
magnetic field strength threading the BH horizon.
As the magnetic field on the BH is supported by the sur-
rounding disk, it is reasonable to assume that the magnetic
pressure on the horizon may reach a fraction αm of the ram
pressure of the innermost parts of an accretion flow, i.e.,
B2•/8π = αmPram ∼ αmM˙c/(4πr2•). (10)
where M˙ is the disk accretion rate onto BH. We assume that
the disk accretion at late time just tracts the fallback accretion
rate (Dai & Liu 2012; Wu et al. 2013),
M˙ = M˙p
[
1
2
(
t − t0
tp − t0
)
−1/2
+
1
2
(
t − t0
tp − t0
)5/3]−1
, (11)
where t0 is the beginning time of the fallback accretion, tp is
the time corresponding to the peak fallback rate M˙p.
At the same time, A baryon-rich wide wind/outflow
is then centrifugally launched by the BP mechanism
(Blandford & Payne 1982). In this mechanism, energy and
angular momentum are extracted magnetically from the ac-
cretions disks by the large-scale field lines threading the disk.
The magnetic wind power can be estimated by (Livio et al.
1999; Meier 2001)
LBP = (B
p
ms)
2r4msΩ
2
ms/32c (12)
where Ωms is the Keplerian angular velocity at the marginally
stable orbit rms. The expression for rms is given by
(Bardeen et al. 1972)
rms/rg = 3+ Z2 − [(3− Z1)(3+ Z1 +2Z2)]
1/2 , (13)
for 0 ≤ a• ≤ 1, where Z1 ≡ 1 + (1 − a2•)1/3[(1 + a•)1/3 + (1 −
a•)1/3], Z2 ≡ (3a2• + Z21)1/2. The Keplerian angular is given by
Ωms =
(
GM•
c3
)
−1 1
χ3ms + a•
, (14)
where χms is defined as χms ≡
√
rms/rg, and rg ≡ GM•/c2.
Following Blandford & Payne (1982), the disk poloidal
magnetic field Bpms at rms can be expressed as
Bpms = B•(rms/r•)
−5/4 (15)
where r• = rg(1+
√
1− a2•) is BH horizon radius.
2.3. External shock with energy injection
Due to energy injection from the BZ jet during the fallback
accretion onto the newborn BH, the blast wave energy con-
tinuously increases with time, which may produce a second
plateau following the steep decay.
We investigate a jet with isotropic energy Ek,iso and open-
ing angle θ propagating into a medium with proton number
density n. The dynamical evolutions of jet are described in
(Huang et al. 2000). Here, we consider continuously energy
injected into the external shock after the birth of BH. The to-
tal kinetic energy of jet could be expressed as Etot = E0 + Einj,
where Einj =
∫
LBZdt is the injected energy by BZ mechanism.
The dynamical equation of the bulk Lorentz factor Γ can be
then written as
dΓ
dmsw
= −
1
M0 +2Γmsw
[Γ2 −1−
LBZ
c2
dt
dmsw
] (16)
where msw is the swept-up mass by shock, M0 is the initial
mass of the jet.
The forward shock may be continuously refreshed with the
BZ power LBZ. The electrons are believed to be acceler-
ated at the forward shock front to a power-law distribution
N(γe)∝ γ−pe . A fraction ǫe of the shock energy is distributed
into electrons, while another fraction ǫB is in the magnetic
field generated behind the shock. Therefore, the emission
from the electrons accelerated by the refreshed shock can be
shallower or a plateau.
2.4. Kilonova with energy injection
Numerical simulation show that the merger of NS-NS bi-
naries would lead to the formation an ejecta of mass Mej ∼
0.01 − 0.02M⊙(Dietrich et al. 2017; Hotokezaka et al. 2013;
Sekiguchi et al. 2015, 2016; Shibata et al. 2017). A kilonova
would be expected due to the radioactive decay of the r-
process from this neutron-rich ejecta.
In the case of a newborn BH with fallback accretion, the
BP driven wind can heat up and push the merger ejecta as an
additional energy source (Ma et al. 2018).
4The dynamic evolution of the ejecta is then given by
dΓ
dt
=
Linj − Le −ΓD(dE ′int/dt ′)
Mejc2 + E
′
int
. (17)
where D = 1/[Γ(1 − β)] is the Doppler factor, and β =√
1−Γ−2. E ′int is the internal energy measured in the comov-
ing rest frame. Linj = ξL′BP + L
′
ra denotes the injected power
from a BP wind ξL′BP and from an radioactive decay rate L
′
ra.
Here we introduce a parameter ξ to describe the fraction of
magnetic wind energy that is used to heat the ejecta. The case
with ξ = 0 or αm = 0 will return to the result of kilonova.
The change of the internal energy of the ejecta is thus writ-
ten as
dE ′int
dt ′
= Linj − L
′
e − P
′ dV
′
dt ′
(18)
The co-moving luminosities are defined as L′ = L/D2, and
L′ra = 4× 1049Mej,−2
×
[
1
2
−
1
π
arctan
(
t ′ − t ′0
t ′σ
)]1.3
erg s−1. (19)
with t ′0 ∼ 1.3 s and t ′σ ∼ 0.11 (Korobkin et al. 2012). For a rel-
ativistic gas, the pressure is (1/3) of the internal energy den-
sity, i.e., P′ = E ′int/(3V
′).
The co-moving frame bolometric emission luminosity of
the heated electrons can be estimated as
L′e =
{
E ′intc/(τR/Γ), t < tτ ,
E ′intc/(R/Γ), t ≥ tτ ,
(20)
where τ = κ(Mej/V ′)(R/Γ) is optical depth and κ is opacity of
the ejecta. tτ is the time when τ = 1.
Assuming a blackbody spectrum for the thermal emission
of the merger-nova, the observed flux for a given frequency ν
could be calculated as
Fν =
1
4πD2L
8π2D2R2
h3c2ν
(hν/D)4
exp(hν/DkT ′eff)−1
, (21)
where DL is the luminosity distance, T ′eff =
(E ′int/aV
′max(τ,1))1/4 is the effective temperature, h is
the Planck constant, k is the Boltzmann constant and a is the
radiation constant.
3. GRB 160821B
GRB 160821B, with duration T90 ≃ 0.5 s and redshift z ≃
0.16 (Palmer et al. 2016), was triggered by the Swift BAT at
22:29:13 UT on 2016 August 21 (Siegel et al. 2016). Based
on the duration, it was classified as a short GRB. Its short du-
ration and low redshift made it a good candidate for kilonova
searches. The optical afterglow of GRB 160821B was first
detected by Swift/Ultraviolet and Optical Telescope (UVOT)
in the white u filters, and subsequently detected by several
ground-based optical telescopes. Troja et al. (2019) have col-
lected all the optical/nIR data. In Figure 2, we present the
X-ray and optical (r, i and z band) data.
The X-ray afterglow of GRB 160821B showed an “inter-
nal plateau”(LX ∼ 1047 erg/s) followed by a steep decay. The
plateau extends to about 102 s before rapidly falling off with
a decay index α ∼ 5 (see the blue dashed line in Figure 2),
which is interpreted as the abrupt cessation of the central en-
gine. The observed break time tb ∼ 250s. At the end of the
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Figure 2. Modeling results for the multi-band lightcurve of GRB 160821B.
The X-ray data are detected by Swift/XRT and XMM-Newton satellites
(black). The Optical/nIR data (red,orange,cyan) and radio upper limits (gray)
come from (Troja et al. 2019). The blue lines show the interpretation of “in-
ternal plateau” with the spin-down of supra-massive magnetar. The solid lines
in different colors represent the external shock emissions with continuously
energy injection through BZ process. For comparison, we also show the re-
sults from a standard afterglow model (dotted lines) without energy injection.
The adopted parameters are: P0 = 55.8 ms, Bp = 1.81× 10
17 G, a• = 0.01,
M˙p = 8× 10−10M⊙ .
sharp decay, the X-ray light curve shows a second plateau
(α ∼ 0.4) followed by normal decay with power-law index
α∼ 1.36 (Lü et al. 2017).
Considering Lmd ≃ LX ≃ 1047 erg/s, tmd ≥ tb/(1+ z)≃ 216s
and adopting EoS GM1, we can get the upper limit for P0 =
55.8 ms and Bp = 1.81× 1017 G. By using equation (7), we
get the lower limit of the mass of the supra-massive magnetar
Mp = Mmax(P)≃ 2.37M⊙. The second plateau requires an ex-
tra energy input (Zhang et al. 2018; Zhao et al. 2020). Since
the magnetar has already collapsed into a BH at this stage, a
highly possible energy source would be the fallback accreting
newborn BH with a initial BH mass M• ≃ 2.37 M⊙. Consid-
ering the BH angular momentum J• = 2πI/P0, we can get the
lower limit of the initial spin a• ≃ 0.01.
We use a numerical codes developed for the external shock,
and modify it to incorporate energy injection fromBZ process
(Wang et al. 2014). As shown in Figure 2 (solid lines) , the
X-ray data at t > 1000s (i.e., the second plateau and followed
normal decay) as well as the first epoch of optical observa-
tions ( at t ∼ 104s, the contribution from kilonova could be
ignored at this epoch) can be well interpreted with our exter-
nal shock model with energy injection from the newborn BH.
The radio upper limits are used to narrow down the parameter
space. The parameters we adopted are exhibited in Table 1.
The BH center engine starts at t0 ≃ 103 s, peaks at tp≃ 8×104
s, and ceases at tf ≃ 105 s. The peak accretion rate is M˙p ∼
8× 10−10 M⊙. The energy from the newborn BH is injected
to a jet with initial isotropic energy Ek,iso = 1.6× 1050erg and
opening angle θj=3.2 deg. The jet sweeps a mediumwith con-
stant number density n0 = 1× 10−4cm−3 . The electrons in
the shocked region are accelerated to a power-law distribu-
tion with electron spectrum index p = 2.1. The energy frac-
tions of electrons and magnetic field are ǫe=0.2 and ǫB=0.1,
respectively. For comparison, we also plot the the standard af-
terglow model (dotted lines) without energy injection, which
can not account for the second plateau feature observed in X-
ray afterglow. The parameters we used are Ek,iso = 2×1050erg,
5Table 1
Parameters adopted for interpreting the broadband data of GRB 160821B.
Magnetar and BH Parameters
MNS (M⊙) Bp,17 P0,−3 M•(M⊙) a• M˙p (M⊙s
−1)
2.37 1.81 ↓ 55.8 ↓ 2.37 0.01 ↑ 8.0× 10−10
GRB afterglow parameters
Ek,iso (erg) n0 (cm
−3) θ (deg) ǫe ǫB p
1.6× 1050 1× 10−4 3.2 0.2 0.1 2.1
Kilonova parameters
Mej (M⊙) κ (cm
2 g−1) β (v/c) ξ
0.011 4.0 0.11 0.3
Other parameters
αm t0 (s) tp (s) tf (s)
0.1 1× 103 8× 104 1× 105
g×0.1
r×1
i×101
z×10
2
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Figure 3. Multi-color optical lightcurves of GRB 160821B. The data show
clear excess relative to the expected emissions from the GRB afterglow (dot-
ted lines). These excess are considered as the contribution of kilonova. To in-
terpret the data, we introduce the BP driven kilonova model (shown as dashed
lines). The combined contributions from both afterglow and BP driven kilo-
nova are plotted with thick solid lines, which are in good agreement with the
data. The thin solid lines represent the emissions from the afterglow plus a
r-process powered kilonova, which are disfavored by the data.
θj=6.0 deg, n0 = 1× 10−4cm−3, ǫe=0.2, ǫB=0.1.
Compared to the predicted afterglow emissions, the ob-
served optical data show clear excesses at t > 104s, which are
believed to be the contribution of kilonova. The combined
emissions (thick solid lines) from afterglow (dotted lines)
and kilonova (dashed lines) are plotted in Figure 3. As dis-
cussed in our previous work (Ma et al. 2018), the magnetic
wind from the disk of the newborn BH with fallback accre-
tion would heat up the neutron-rich merger ejecta and pro-
duce a bright kilonova. To see whether this effect operates
in the kilonova of GRB 160821B, we represent the result-
ing lightcurves with a r-process powered kilonova and a BP-
powered kilonova, denoted by thin solid lines and thick solid
lines respectively. The adopted dynamic ejecta parameters
are: ejecta mass (Mej = 0.01 M⊙), opacity (κ = 4.0 cm2 g−1),
ejecta velocity (β = 0.11). The parameters adopted to cal-
culate r-process powered kilonova are Mej = 0.018 M⊙,κ =
2.5 cm2 g−1, β = 0.14.
In figure 3, we can see that the 10 day (∼ 106s) excess data
require an kilonova with BP energy injection (Otherwise the
required ejecta mass will be much higher than 0.02M⊙, which
is inconsistent with the numerical simulation results). Threre-
fore, the kilonova emission may provide a further evidence of
a newborn black hole.
4. CONCLUSION AND DISCUSSION
The merger of binary neutron stars is an important source
of gravitational waves. The product of such a merger may be
a stellar mass BH, a rapidly spinning supra-massive magnetar
(which may collapse to a black hole after losing centrifugal
support), or a stable NS (Gao et al. 2016). In this paper, we
analysis multi-band data of GRB 160821B and found that the
early X-ray afterglow shows an “internal plateau” followed
by a sharp decay (Figure 2), which is often interpreted as the
signature of a magnetar engine. This implies that a supra-
massive neutron star survive from the merger. A newborn BH
is expected from the collapse of the supra-massive NS when
it spins down. The fallback accretion of the newborn BH
could produce a second X-ray plateau feature if enough en-
ergy transferred from the newborn BH to the GRB blast wave.
Besides, the injected energy to the ejecta from the BP-driven
wind can produce a bright kilonova emission, which provide
an additional evidence for the newborn BH. Our model can
naturally explain the multi-band afterglow of GRB 160821B
as well as kilonova after deducting the optical afterglow com-
ponent, suggesting that the GRB 160821B-like source may
contain a newborn BH.
The fitting of kilonova depends on the afterglow subtrac-
tion. In GRB 160821B, the early (∼0.08 day) optical data is
dominated by afterglow. As X-ray and optical afterglow is
typically in the same spectral regime, the trend of the later af-
terglow will be determined. We also noticed that Lamb et al.
(2019) has proposed a refresh shock and two-component kilo-
nova models to explain the optical data. This is essentially an
additional energy injection at the late time.
The GW event with short GRB emissions and followed-
up X-ray “internal plateau” simultaneously detected would
provide a good test to our model. Recently, the Advanced
LIGO/Virgo detector observed a compact binary coalescence
(GW190425) with the total mass∼ 3.4M⊙ and 90 percent
credible intervals for the component masses range from 1.12
to 2.52 M⊙ (Abbott et al. 2020). Han et al. (2020) suggest
that GW190425 is a candidate of a NS-BH merger event. The
inferred BHmass(∼ 2.4M⊙) can fill the mass gap (∼ 2−5M⊙)
given by X-ray binary observations. It’s worth noting that the
newborn BH formed as the result of the collapse of supra-
massive magnetar would provide such a low-mass BH.
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